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semiconductor device comprising a flexible region and method lor manufacturing the same 



(57) A semiconductor device comprising a semicon- 
ductor layer and one. or a plurality of. semiconductor 
elements formed on a surface of the semiconductor lay- 
er, characterized in that said semiconductor layer is di- 
vided into a plurality of pieces in a region wherein said 



semiconductor layer does not have a semiconductor el- 
ement and in that the respective pieces of the divided 
semiconductor layer have a flexible region made of an 
insulating layer adhered to the sides of the respective 
pieces so that the pieces are integrated. 



Fig. 1(d) 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a semiconduc- 
tor device and a manufacturing method for the same in 
particular to a flexible semiconductor device and man- 
ufaclunng method for the same. 

2. Description of the Background Art 

[0002] The trend toward miniaturization and greater 
portability o( apparatuses such as cellular phones has 
been increasing and. in addition, wearable computers 
have appeared that are "personal computers that can 
be worn on a humar body" 

[0003] In rtddilian intcrlrtces for directly sensing im- 
ages and SOU..OJ. s.uch as 3DMD (see-through head- 
mounted display) « CCD camera with a built-in HD an 
earphone-type monocle an earphone-type microphone 
have been prooosod .md the m>,rkci lor wearable appa- 
ratuses IS expected 10 cxp.ind m the future. 
[0004] A method whoroin a TFT chip of an AMLCD 
(active matrix disolay) can be (ormod within a thin film 
has been proposed as one of the measures necessary 
to meet this demand (for example in US P 5 256 562) 
[0005] According lo ihis method first as shown in Fig 
5(a), an SOI structure subslraio is prepared by layering 
m the following order a S. buflor layer 41 , a silicon oxide 
film 42 according to a CVD nnothod a release layer 43 
formed of a silicon ox.dc nitride film and an upper silicon 
teyer 44 that becomes an element fomiation layer on a 
Si substrate 40 and as shown in Fig 5(b), a pixel region 
44b as well as a TFT region 44a of an AMLCD are 
formed. 

[0006] Next, as shown ,n Fig 5(c), an insulator region 
45 IS fonmed and an oxido film 46 is formed on pixel re- 
gion 44b and on TFT region 44a. 
[0007] Furthermore as shown in Fig 5(d), a gate elec- 
trode 48 and sourccdrain regions 49 are formed in the 
gained substrate and in addition, these are covered 
with an insulating him bO and then, contact holes and 
wires 51 are created in desired regions of insulating film 
50 so that a TFT 47 IS gamed. 

[0008] After thai, as shown in Fig 5(e). an opening 52a 
is created in the release layer 43 outside of the region 
that includes pixel region 44b and TFT region 44a and 
furthemiore, an opening S2b. which is larger than this 
opening 52a, is created in the silicon oxide film 42 
[0009] Subsequently, as shown in Fig S(f), a support 
pillar 53 that fills in tho openings of the silicon oxide film 
42 and the release layer 43 is fomied of a silicon oxide 
film, and an etchant introduction opening 54 is created 
m the release layer 43 in the region between the support 
pillars 53 other than the regions of the pixel region 44b 
and the TFT region 44a so that an etchant is introduced 



through this etchant introduction opening 54 and there- 
by, the silicon oxide film 42 is etched and removed so 
as to create a cavity 55, as shown in Fig S(g). Thereby 
the pixel region 44b and the TFT 47 are placed on the 
s release layer 43, supported by the support pillar 53 
[0010] Next, as shown in Fig 5(h). an epoxy resin 56 
and a non-photosensitive transparent resin film 57 are 
fonfTied on the entire surface of the gained substrate 
and, then, the epoxy resin 56, which is over the pixel 
10 region 44b and the TFT 44a, is hardened through ina- 
diation by ultraviolet rays and the epoxy resin that is not 
hardened is removed so that a chip in a thin film form is 
released by a cleaving action of the support pillar 53 
[0011] A chip in a thin film form fabricated in the above 
descnbed manner, however, lacks flexibility, lacks duc- 
tility and IS fragile. In addition, it is difficult to apply such 
a chip in a layered structure used for a system havinq 
multiple functions. 

20 SUMMARY OF THE INVENTION 



[0012] The present invention is provided in view of 
such a problem and a purpose thereof is to provide a 
semiconductor device and a manufacturing method for 
25 the same wherein a chip, itself, in a th in film form is pro- 
duced to be flexible. 

[0013] According to the present invention, a semicon- 
ductor device fonned of a semiconductor layer and one 
or a plurality of, semiconductor elements formed on the 
30 surface of the semiconductor layer is provided wherein 
the above described semiconductor layer is divided into 
a plurality of pieces in a region wherein the above de- 
scnbed semiconductor layer does not have a semicon- 
ductor element and the respective pieces of the divided 
3S semiconductor layer have a flexible region made of an 
insulating layer adhered to the sides of the respective 
pieces so that the pieces are integrated. 
[0014] In addition, according to another aspect the 
present invention provides a semiconductor device hav- 
'fo ing: rigid regions wherein one, or a plurality of, semicon- 
ductor elements is fonned on the surface of a semicon- 
ductor layer; and a flexible region wherein a semicon- 
ductor element is not placed in the surface of the above 
descnbed semiconductor layer so that the flexible re- 
"5 gion IS provided with semiconductor layers and insulat- 
ing layers adhered to each other in an altematinq man- 
ner 

[001 5] Furthemnore, the present invention provides a 
manufacturing method for a semiconductor device ac- 
50 cording to which (a) one, or a plurality of, semiconductor 
elements is fonned on a surface of a substrate having 
a semiconductor layer on the surface; (b) one, era plu- 
rality of, trenches is created in a region of the above de- 
^ scnbed semiconductor layer wherein a semiconductor 
element is not fonned; (c) an insulating layer is filled in 
into these trenches so that this insulating layer adheres 
to the sides of the semiconductor layer; and (d) the 
above described substrate is made to recede from the 



2 



3 



EP 1 351 292 A2 



4 



rear surface to the bottom of the above described 
trenches and, thereby, the senniconductor layer is divid- 
ed into a plurality of pieces and a flexible region is 
f onned In the semiconductor layer so that the respective 
pieces of the semiconductor layer are integrated by 
means of the insulating layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] Figs 1 (a) to 1 (g) are schematic cross sectional 
views of a main portion of a semiconductor device in 
accordance with the steps of a manufacturing method 
for a semiconductor device according to a first embod- 
iment of the present invention; 

[001 7] Figs 2(a) to 2(g) are schematic cross sectional 
views of a main portion of a semiconductor device in 
accordance with the steps of a manufacturing method 
for a semiconductor device according to a second em> 
bodiment of the present invention; 
[001 8] Fig 3 is a diagram of a main portion for describ- 
ing a method for making the back surface of the sub- 
strate recede according to the manufacturing method for 
a semiconductor device of the present invention; 
[0019] Figs 4(a) to 4(f) are schematic cross sectional 
views of a main portion of a semiconductor device in 
accordance with the steps of a manufacturing method 
for a semiconductor device according to a third embod- 
iment of the present invention; and 
[0020] Figs 5(a) to 5(h) are schematic cross sectional 
views of a main portion of a semiconductor device in 
accordance with the steps of a manufacturing method 
for a semiconductor device according to the prior art. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0021] A semiconductor device according to the 
present invention is primarily provided with a semicon- 
ductor layer and a semiconductor element formed on 
the semiconductor layer. In addition, this semiconductor 
device has at least a flexible region and, preferably, has 
both a flexible region and a rigid region. 
[0022] As for the semiconductor layer: a semiconduc- 
tor substrate, itself, may be used; a semiconductor layer 
fornied on a semiconductor substrate (for example, a p 
type or an n type epitaxial silicon layer of approximately 
1 \Lm is layered on the surface of an n type or a p type 
silicon substrate, which are so-called epitaxial sub- 
strates) may be used; or a semiconductor layer formed 
on a substrate other than a semiconductor substrate (for 
example, an SOI substrate) may be used. As for the 
semiconductor substrate, a variety of substrates, such 
as element semiconductor substrates of silicon, germa- 
nium, or the like, and compound semiconductors of 
GaAs, InGaAs, or the like, for example, may be used. 
Among these, a single crystal silicon substrate or a poly- 
crystal silicon substrate is preferable and, in particular, 
a single crystal silicon substrate is preferable. In addi- 



tion, it is preferable for the semiconductor layer to spe- 
cifically have a plane direction of (110). It is preferable 
for the semiconductor substrate to have a relatively low 
resistance (for example, approximately 20 £2cm, or less, 

5 and preferably approximately 10 Q.cm) after doping of 
N type impurities, such as phosphorus, arsenic, or the 
like, or of P type impurities, such as boron, or the like. 
[0023] In addition, as for the substrate used in the for- 
mation of the SOI substrate, a glass substrate, a crystal 

fo glass substrate, a sapphire substrate, a plastic sub- 
strate, and the like, in addition to the above described 
semiconductor substrate can be cited. As for the SOI 
substrate: a SIMOX (Separation by Implantation of Ox- 
ygen) -type substrate wherein a buried oxide film is 

^5 formed within a semiconductor substrate by implanta- 
tion of oxygen ions into a semiconductor substrate and 
by carrying out a heat treatment; a substrate (BESOI 
substrate) gained by pasting together two semiconduc- 
tor substrates wherein oxide films are formed on the sur- 

^0 faces by means of thermal oxidation; a so-called pasted- 
type SOI substrate wherein a semiconductor substrate 
on the surface of which an oxide film is formed by means 
of thermal oxidation or epitaxial growth is pasted to an 
SOI substrate wherein a first insulating layer and a first 

25 semiconductor layer are formed by means of epitaxial 
growth on a semiconductor substrate; a substrate 
wherein an insulating film and a first semiconductor lay- 
er are formed by means of epitaxial growth on a semi- 
conductor substrate, or the like, are cited. Here, the 

30 semiconductor layer is a semiconductor thin film that 
functions as an active layer in order for transistors to be 
formed and can be formed of any of the above described 
semiconductors. As for the film thickness in this case, a 
range of from approximately 50 nm to 1000 nm, for ex- 

55 ample, can be cited. As for the buried insulating film, a 
silicon nitride film, a silicon oxide nitride film or a layered 
film of these and a silicon oxide film, in addition to a sil- 
icon oxide film, are cited and, as for the film thickness 
thereof, a range of from approximately 50 nm to 200 nm, 

40 for example, can be cited. 

[0024] Semiconductor elements formed on the semi- 
conductor layer are used for the formation of a variety 
of circuits, such as a memory, a peripheral circuit, a logic 
circuit, and the like, and conventionally included a vari- 

^5 ety of elements, such as transistors, capacitors, resis- 
tors, and the like. In addition, a variety of films, such as 
element isolation films, interiayer insulating films, wire 
layers, and the like, may be fomied in orderto separate, 
or connect, these elements from, or to, each other 

so [0025] The flexible region is a region wherein the di- 
vided pieces of the semiconductor layer are connected 
to each other by means of an insulating layer that is ad- 
hered to the sides of the divided pieces so that the sem- 
iconductor layer is Integrally formed, in other words, the 

55 flexible region indicates a region wherein divided pieces 
of the semiconductor layer and insulating layers are 
placed in an alternating manner and make contact with 
each other so that the substrate (semiconductor layer) 
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has a flexibility in one, or more, directions in the region 
due to the plasticity, the flexibility, and the like, of the 
insulating layers. The size of the flexible region is not 
specifically limited but. rather, can be appropriately ad- 
justed in accordance with the dimensions, functions, ap- 
plications, or the like, of the semiconductor device to be 
gained. 

[0026] The size and form of the divided pieces of the 
semiconductor layer are not specifically limited but, rath- 
er, a variety of plane forms such as a square, a rectan- 
gle, a diamond, a triangle, and the like, can be cited and, 
in the case of a rectangle (stripe form), for example, a 
range of from approximately 1 0 nm to 1 000 nm is ap- 
propriate for the width thereof, and, in the case of a 
square, a range of from approximately 10 nm to 1000 
nm is appropriate for one side thereof. In addition, it is 
preferable for all of the sides of the divided pieces of the 
semiconductor layer to be approximately perpendicular 
lo the surfaces and some sides may be inclined so as 
to be in a tapered form or so as to be in a reverse tapered 
form on the rear surface sides or on the top surface 
sides. 

[0027] Here it is necessary for the semiconductor lay- 
er in the flexible region to be a region that does not affect 
the characteristics of the semiconductor elements 
formed on the surface and, in general, it is appropriate 
for the semiconductor layer to be in the region wherein 
the semiconductor elements are not fomied and. for ex- 
ample a region such as afield region, wherein only in- 
sulating films are fomried can be cited. 
[0028) The types of Insulating layer for integrally con- 
necting the divided pieces of the semiconductor layer or 
of the insulating layers placed in an alternating manner 
vis-a-vts the drvicod pieces of the semiconductor layer 
are not specifically limited, as long as adhesion to the 
sides of the divided pieces of the semiconductor layer 
is ensured and. for example, a single layerfilm or a mul- 
ti-layer film of a silicon oxide film (thennal oxide film, low 
temperature oxide film: LTO film, or the like, high tem- 
perature oxide film: HTO film), a silicon nitride film, a 
silicon oxide nitride film, an SOG film, a PSG film, a BSG 
film, a BPSG film, a PZT. a PLZT, a ferroelectric film, an 
antiferroelectric film, or the like, can be cited. The film 
thickness thereof is not specifically limited and can be 
appropriately adjusted depending on the thickness of 
the divided pieces of the semiconductor layer, the size 
of the semiconductor device and the degree of flexible 
to be gained. A range of from approximately 50 nm to 
2000 nm, for example, can be cited. In addition, it is pref- 
erable for the insulating layer to have recesses created 
in the surface thereof between the divided pieces of the 
semiconductor layer and the deeper the recesses are, 
that is to say, the lesser the film thickness of the insu- 
lating film is, the greater is the flexibility that can be 
gained. 

[0029] It is necessary for the insulating layerto adhere 
to the sides of the pieces of the semiconductor layer to 
a degree sufficient so that a plurality of pieces of semi- 



conductor layer can be integrally combined and it is not 
necessary for the insulating layer to adhere to the en- 
tirety of the surfaces of the sides of the pieces of the 
semiconductor layer. That is to say, in the case wherein 
the sides of the pieces of the semiconductor layer are 
approximately perpendicular to the top and bottom sur- 
faces, it is preferable for the insulating layer to adhere 
to the entirety of the surfaces of the sides while, for ex- 
ample, in the case wherein either the top portions or the 
bottom portions of the sides are inclined relative to the 
upper and lower planes, the insulating layer need not 
adhere to the inclined portions of the sides. Here, the 
inclination of the sides of the pieces of the semiconduc- 
tor layer may be in a tapered fomi or may be in a re- 
versed tapered form and it is preferable for portions of 
the sides to be inclined so that the amount of increase 
in the size of gaps between the pieces of the semicon- 
ductor layer becomes greater the closer is the position 
to the bottom surface side, as shown in Figs 2(f) and 2 
(g). That is to say, the surface of the regions wherein the 
flexible region, the pieces of the semiconductor layer 
and the insulating layers are provided may be uneven. 
[0030] In addition, it is preferable for a rigid region. In 
addition to the above described flexible region, to be 
formed in a semiconductor jayer. A rigid region indicates 
a region that does not bend and that is stiff and not flex- 
ible and includes a region wherein a feedthrough elec- 
trode is formed to extend from the top surface of the 
semiconductor layer to the bottom surface of the semi- 
conductor layer. The insulating layer adheres to the 
sides, in a tapered fonn, in a reversed tapered fomn or 
in a right angled fomn, of each of the divided pieces of 
the semiconductor layer and. In addition, the 
feedthrough electrode that penetrates from the top sur- 
face to the bottom surface of the semiconductor layer is 
placed so as to adhere to this insulating layer. Here, as 
for the insulating layer, the same types as described 
above can be cited. 

[0031] The feedthrough electrode can be foniied of 

any material, as long as it is formed of a conductive layer 
that can adhere to the insulating layer. For example, the 
feedthrough electrode can be formed of a single layer 
film or a multi-layer film of an N type, or a P type, amor- 
phous, single crystal or polycrystal element semicon- 
ductor (such as silicon or germanium, for example) or a 
compound semiconductor (such as GaAs, InP, ZnSe, or 
CsS, for example), a metal such as gold, platinum, sil- 
ver, copper, aluminum, Ru, or the like, a high melting 
point metal such as titanium, tantalum, tungsten, or the 
like, a silicide or a polycide including a high melting point 
metal, a nitride,such as TiN, tungsten nitride, or the like, 
a transparent conductive material such as Cul, ITO, 
SnOg, 2nO, or the like. In particular, a high melting point 
metal is preferable. 

[0032] According to a manufacturing method for a 
semiconductor device of the present invention, first, in 
Step (a), one, or a plurality of, semiconductor elements 
is formed in the surface of a substrate having a semi- 
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conductor layer on the surface. Here, the substrate hav- 
ing a senDiconductor layer may be simply a semiconduc- 
tor substrate or may be an SOI substrate, as described 
above. The semiconductor elements can be formed 
through a combination of a variety of methods that are 
well-known in this field. Here, it is preferable to cover 
the semiconductor elements with an intertayer insulat- 
ing film, or with a protective film, after the fomiation of 
the semiconductor elements. 

[0033] In Step (b), one, or a plurality of trenches, is 
created in the semiconductor layer in a region wherein 
the semiconductor elements are not fomned. The 
trenches can be created by forming a mask pattem in a 
predetermined fomri according to photolithographic and 
etching steps and by carrying out anisotropic etching 
(for example, reactive ion etching (RIE)) using this mask 
pattem. Here, though the dimensions, the fornn and the 
depth of the trenches are not particularly limited, the 
depth of the trenches determines the thickness of the 
flexible semiconductor device that is gained as the final 
product and it is appropriate for the depth to be greater 
than the total thickness, for example, from approximate- 
ly 1 jtm to 10 ^m, of, at least, the semiconductor ele- 
ments (including the interlayer insulating film or the pro- 
tective film in the case wherein it covers the semicon- 
ductor elements) and the semiconductor layer having a 
thickness sufficient for the fonnation of a portion of the 
elements and for supporting the elements. Here, in the 
case wherein an SO i substrate is used for the substrate, 
it is preferable for the trenches to have a depth sufficient 
so that the tr;enches penetrate through the semiconduc- 
tor layer on the surface of the SOI substrate. In addition, 
as for the width , it is appropriate for the width of the sem- 
iconductor layer/width of trenches to be from approxi- 
mately 1 ^im to 1 GO fim/from approximately 1 p,m to 1 00 
|xm. In addition, though the trenches may be created in 
only the region wherein an insulating layer is provided 
in the flexible region in the subsequent steps, it is pref- 
erable for the trenches, also, to be created in the region 
wherein feedthrough electrodes are provided in the rigid 
regions. As for the form of the trenches in the flexible 
region, a stripe fornn, a gridform, orthe like^ for example, 
are appropriate while the trenches in the rigid regions 
may have any fomi, such as a circular fonn or a polyg- 
onal form, and it is preferable to adjust the dimension of 
the trenches so that the feedthrough electrodes formed 
of a conductive layer buried within the trenches to have 
appropriate resistance values. 

[0034] In Step (c) an insulating layer is buried in the 
trenches. The insulating layer can be fomied of any of 
the above described materials and, in particular, a lay- 
ered film of a silicon nitride film and a silicon oxide film 
is preferable. The insulating layercan be formed accord- 
ing to a thennal oxidation method, a sputtering method, 
a variety of CVD methods, an EB method, and the like. 
Thereby, the insulating layer can be made to adhere to 
the sides of the semiconductor layer. 
[0035] Here, in this step, in the case wherein 



feedthrough electrodes are formed in the rigid regions. 
It is appropriate for the trenches in the rigid regions to 
be filled in with the insulating layer to the degree wherein 
the sides of the trenches are covered with the insulating 

5 layer in a tapered form, in a reversed tapered fornn or in 
a right angled fornn. tn addition, afterthe insulating layer 
Is filled in into the trenches, the trenches in the rigid re- 
gions are filled in with a conductive layer. The method 
for filling in the conductive layer is not particularly limited 

10 but, rather, a method for making a conductive layer se- 
lectively grow only within the trenches, a method for cov- 
ering the region other than the trenches for the 
feedthrough electrodes with a photoresist and for form- 
ing a conductive layer on the entire surface of the sub- 

is strata using this photoresist and, then, for carrying out 
etch back or a liftoff process, or a method wherein these 
are combined, for example, can be cited. Thereby, an 
insulating layer can be made to adhere to the inside of 
the trenches for the feedthrough electrodes and, in ad- 

20 dition, a conductive layer can be made to adhere to this 
insulating layer so that, as described below, rigid regions 
integrated with the feedthrough electrodes, extending 
from top surface to the rear surface of the semiconduc- 
tor layer, can be formed. 

^5 [0036] In Step (d), the substrate is made to recede 
from the rear surface side to the bottom of the trenches. 
The process to cause the substrate to recede here can 
be achieved using a variety of methods including wet 
etching, dry etching or polishing, such as by a CMP 

30 method. A mask for covering predetemnined regions 
may be used at the time when the substrate is made to 
recede. It is preferable to use, for example, a mask in 
the same form as the mask pattern when the trenches 
are created, as described above, at the time the sub- 

35 strate is made to recede. In particular, in the case where- 
in a substrate having the (110) plane direction is used, 
the (100) surface and the (110) surface, for example, 
have a difference in etching rate when wet etching is 
carried out using an alkaline solution and, therefore, this 

40 phenomenon is utilized so that etching can proceed so 
that the desired form is created. Here, as for the alkaline 
solution, solutions of KOH, TMAH (Tetramethyl ammo- 
nium hydroxide), and the like, for example, can be cited. 
Thereby, a form wherein slits are created in the rear sur- 

45 face of the flexible substrate gained as the final product, 
a form that is uneven or a form having inclinations in 
portions of the sides of the individual pieces of the sem- 
iconductor layer on the rear surface side can be gained 
as a result of an easy process and, thereby, a substrate 

so of a comparatively thick film, which can be handled with 
ease, can be gairied while the flexibility is maintained. 
[0037] In addition, in the case wherein an SOI sub- 
strate is used as the substrate, the support substrate 
and the buried insulating film can easily be made to re- 

55 cede or can be removed from the rear surface side of 
the substrate and, thereby, the bottoms of the trenches 
can reach to the rear surface of the substrate so that the 
semiconductor layer can be divided. 
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[0038] Thereby, the semiconductor layer Is divided In- 
to a plurality of pieces along the trenches while the re- 
spective pieces of the semiconductor layer are connect- 
ed and integrated by the insulating layer formed in the 
above described trenches so that this region of the in- 
sulating layer fonns the flexible region. 
[0039] In the following, the semiconductor devices 
and the manufacturing methods for the same according 
to the present invention are described In detail In refer- 
ence to the drawings. 



[0046] In addition, substrates of the same type as this 
substrate can be layered and used, as shown in Fig 1 (g). 

Embodiment 2 



Embodiment 1 

[0040] First, as shown in Fig 1(a). elements are 
fomned on, for example, a p type silicon substrate 2 hav- 
ing an impurity concentration of approximately 5 x 10^5 
cm-3 and having the (1 00) plane direction according to 
a general method so that an element layer 1 is fabricat- 
ed. 

[0041 ] After that, as shown in Fig 1 (b), slits 3 for flex- 
ibility and a slit 4 for a f eedthrough electrode are created 
so as to have a depth of from 5 ^rni to 1 0 ^m and so as 
to penetrate through the element layer 1 according to, 
for example, an RIE method. Here, the positions of slits 
3 and 4 are positions that do not affect the elements 
fonned in the element layer 1, for example, in the field 
portions, or the like; of the chip. Thereby, a flexible re- 
gion F can be formed in the region wherein the slits 3 
for flexibility are created and a rigid region R can be 
fonned in the region wherein the elements are formed 
as well as in the region wherein the slit 4 for the 
feedthrough electrode Is formed. 
[0042] Next, as shown in Fig 1 (c). a SiN film 6 Is de- 
posited on the entire surface of the gained silicon sub- 
strate 2 so as to have a thickness approximately 1 ^.m 
according to, for example, a themial CVD method or a 
plasma CVD method and, in addition, a thermal oxide 
film 6 is fonned on top of that so as to have a thickness 
sufficient to fill in the slits 3 for flexibility and sufficient to 
be deposited on the sides and bottom of the slit 4 for the 
feedthrough electrode, that is to say, approximately 10 
|im, for example. 

[0043] Then, as shown in Fig 1 (d), the thennal oxide 
film 6 is etched back so that the bottom of the slit 4 for 
the feedthrough electrode is exposed. An aluminum film 
7 is burled in the slit 4 for the feedthrough electrode. 
[0044] Next, as shown in Fig 1 (e), the top and rear 
surfaces of the silicon substrate 2 are polished accord- 
ing to, for example, a CM P method so that the substrate 
is converted to a thin film. At this time, the SiN film 5 
formed on the surface of the element layer 1 and formed 
within the slit 4 for the feedthrough electrode serves as 
the polishing stopper. Thereby, a flexible substrate with 
a feedthrough electrode 7a is completed, as shown in 
Fig 1(f). 

[0045] The feedthrough electrode 7a can be used for 
input and output of electrical signals from the rear sur- 
face of the chip. 



[0047] First, as shown in Fig 2(a). an element layer 1 
IS fabricated on a p type silicon substrate 8 having an 
impurity concentration of approximately 5 x lo^^ cm-3 
and having the (110) plane direction in the same manner 
^0 as described above. 

[0048] After that, as shown in Fig 2(b), slits 3 for flex- 
ibility and a slit 4 for a feedthrough electrode are created 
according to, for example, a RIE method so as to pen- 
etrate through the element layer 1 and so as to have a 
IS depth of 5 ^.m to 1 0 ^m. Here, the positions of the slits 
3 and 4 are positions that do not affect the elements 
formed in the element layer 1 , for example, In the field 
portions, or the like, of the chip. Thereby, a flexible re- 
gion F and a rigid region R can be fonned in the same 
^0 manner as described above. 

[0049] Next, as shown in Fig 2(c), a SiN film 5 is de- 
posited on the entire surface of the gained silicon sub- 
strate 2 so as to have a thickness of approximately 1 |im 
according to, for example, a themial CVD method or a 
25 plasma CVD method and, in addition, a thermal oxide 
film 6 Is fonned on top of that so as to have a thickness 
sufficient to fill in the slits 3 for flexibility and sufficient to 
be deposited on the sides and the bottom of the slit 4 
for the feedthrough electrode of ^ approximately, 1 o Mm 
30 as shown in Fig 2(d). 

[0050] Then, as shown in Fig 2(e), the thermal oxide 
film 6 is etched back so as to expose the bottom of the 
slit 4 for the feedthrough electrode and an aluminum film 

7 is filled in into the slit 4 for the feedthrough electrode. 
35 [0051] Next, the surface of the silicon substrate 8 is 

polished according to, for example, a CMP method so 
that the substrate is converted to a thin film and so that 
a feedthrough electrode 7a is formed. At this time, the 
SiN film 5 formed on the surface of the element layer 1 
40 serves as the polishing stopper. 

[0052] Next, as shown in Fig 2(f), a photoresist is ap- 
plied to the top and rear surfaces of the silicon substrate 

8 and the photoresist on the rear surface is patterned 
by utilizing, for example, a photomask used for the cre- 

45 ation of the slits 3 for flexibility and the slit 4 for the 
feedthrough electrode In Fig 2(b). The gained resist pat- 
tern 9 is used as a mask so that anisotropic etching is 
can-led out on the rear surface of the silicon substrate 8 
using a KOH solution of from 33 wt.% to 35 wt.%. At this 

50 time, the f omn of the resist pattern 9 corresponds to the 
fonn of slits 3 and 4 and, therefore, the SiN film 6 can 
be utilized as the etching stopper in regard to the etching 
from the rear surface of the silicon substrate 8. At this 
time, the etching selection ratio using a KOH solution of 

55 the (1 1 0) surface of Si is approximately two times great- 
er than that of the (1 00) surface of Si and, therefore, the 
silicon substrate 8 having the (110) plane direction is 
etched so as to expose the (110) surface on the bottom. 
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the (100) and (111) surfaces on the sides by means of 
etching using a KOH solution, as shown in Fig 3, and, 
thereby, the silicon substrate 8 In the form shown in Fig 
2(f) can be gained. 

[0053] After that, the resist pattem is removed and, 
thereby, a flexible substrate with the feedthrough elec- 
trode is completed as shown in Fig 2(g). 
[0054] The flexible substrate gained according to the 
above described method allows the chip to be treated 
as a thick film because the rear surface of silicon sub- 
strate 8 is not completely converted to a thin film. 

Embodiment 3 

[0055] First, as shown In Fig 4(a), an SOI substrate is 
used wherein a buried Insulating film 11 made of a sili- 
con oxide film and a silicon layer are fonned, in this or- 
der, on top of, for example., a silicon substrate 2 so that 
an element layer 10 is fabricated on top of the silicon 
layer of this SOI substrate in the same manner as de- 
scribed above. 

[0056] After that, as shown in Fig 4(b), slits 3 for flex- 
Ibiilty and a slit 4 for a feedthrough electrode are created 
according to, for example, a RiE method so as to have 
a depth wherein the slits penetrate through the element 
layer 1 0. 

[0057] Next, as shown in Fig 4(c), a SIN film 5 is de- 
posited on the entire surface of the gained substrate ac- 
cording to, for example, a thermal CVD method or a 
plasma CVD method so as to have a thickness of ap- 
proximately 0.2 and, in addition, a thermal oxide film 
6 is formed on top of that so as to have a thickness suf- 
ficient to fill in the slits 3 for flexibility and sufficient to be 
deposited on the sides and on the bottom of the slit 4 
for the feedthrough electrode, as shown in Fig 4(d). 
[0058] Then, as shown in Fig 4(e), the themnal oxide 
film 6 Is etched back so as to expose the bottom of the 
slit 4forthe feedthrough electrode and an aluminum film 
is filled in into the slit 4 for the feedthrough electrode. 
Next, the surface of the silicon substrate 2 is polished 
according to, for example, a CMP method so that the 
substrate is converted to a thin film and a feedthrough 
electrode 7a Is fomied. At this time, the SiN film 5 formed 
on the surface of the element layer 1 serves as the pol- 
ishing stopper 

[0059] Furthennore, as shown in Fig 4(f), the element 
layer is lifted off and, thereby, a flexible substrate with 
the feedthrough electrode 7a is completed. 
[0060] According to the present invention , a semicon- 
ductor layer and an insulating layer provide a region 
having flexibility and, thereby, a wearable package that 
can be bent can be implemented as a system package 
solution corresponding to the miniaturization and con- 
version to portability of apparatuses. In addition, such a 
semiconductor device can be applied to a three dimen- 
sional 10 and, thereby, it is possible to increase the den- 
sity of such semiconductor devices mounted on an ap- 
paratus and to Increase the speed of the system wherein 



such an apparatus is used. 

[0061] In particular, in the case wherein feedthrough 
electrodes are fomied, it is possible to implement a lay- 
ered chip. 

5 [0062] In addition, in the case wherein slits are creat- 
ed in the top surface and/or on the rear surface of the 
flexible region, that is to say, in the case wherein the top 
surface and/or the rear surface are uneven, the semi- 
conductor layer can be gained as a thick film and, there- 

10 fore, strong semiconductor devices can be gained while 
flexibility is maintained and, thereby, handling becomes 
easy. 

[0063] Furthermore, according to the present Inven- 
tion, a flexible semiconductor device can be Implement- 
's ed in accordance with a simple method and, therefore, 
an inexpensive, flexible semiconductor device can be 
provided so as to allow a wearable computer or a three 
dimensional 10 to be implemented without increase in 
manufacturing cost. 

20 

Claims 

1 . A semiconductor device comprising a semlconduc- 
25 tor layer and one, or a plurality of, semiconductor 

elements formed on a surface of the semiconductor 
layer, characterized in that said semiconductor 
layer is divided Into a plurality of pieces In a region 
wherein said semiconductor layer does not have a 
30 semiconductor element and in that the respective 
pieces of the divided semiconductor layer have a 
flexible region made of an Insulating layer adhered 
to the sides of th e respective pieces so that the piec- 
es are integrated. 

35 

2. The semiconductor device according to Claim 1 , 
wherein the respective pieces of the semiconductor 
layer have inclined sides facing the rear surface 
side. 

40 

3. The semiconductor device according to Claim 1 or 
2, wherein the respective pieces of the divided sem- 
iconductor layer have rigid regions integrated via 
the insulating layer by means of feedthrough e\ec- 

45 trodes adhering to the insulating layer and extend- 
ing from the top surface to the rear surface of said 
semiconductor layer. 

4. A semiconductor device, comprising: a rigid region 
50 wherein one, or a plurality of, semiconductor ele- 
ments is formed on a surface of a semiconductor 
layer; and a flexible region wherein a semiconduc- 
tor element is not provided In the surface of said 
semiconductor layer, 

55 characterized in that the flexible region is provided 
with semiconductor layers and insulating layers ad- 
hered to each other In an alternating manner. 
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The semiconductor device according to Claim 4, 
wherein a f eedthrough electrode extending from the 
top surface to the rear surface of the semiconductor 
layer and electrically separated from said semicon- 
ductor layer is further provided in the rigid region. 

The semiconductor device according to Claim 4 or 
5, wherein a slit is created in the top surface and/or 
in the rear surface of the flexible region. 

The semiconductor device according to any of 
Claims 1 to 6. wherein the insulating layer has a re- 
cess in a surface thereof. 

The semiconductor device according to any of 
Claims 1 to 7, wherein the semiconductor layer is 
made of a single crystal having the (11 o) plane di- 
rection. 



10 



15 



off method in Step (d). 

13. The method according to any of Claims 9 to 11, 
wherein the substrate Is a semiconductor substrate 
having the (11 0) plane direction and wherein a resist 
pattern in a predetermined lorn is formed on the 
rear surface of the substrate and the rear surface 
of the substrate is made to recede by means of an 
alkaline solution using the resist pattern as a mask 
in Step (d). 



9. 



10 



A manufacturing method for a semiconductor de- 
vice, comprising the steps wherein : (a) one, or a plu- 
rality of, semiconductor elements Is formed on a 
surface of a substrate having a semiconductor layer 
on the surface; (b) one, or a plurality of, trenches is 
created in a region of said semiconductor layer 
wherein a semiconductor element is not formed; (c) 
an insulating layer is filled In into the trenches so 
that the insulating layer adheres to the sides of the 
semiconductor layer; and (d) said substrate Is made 
to recede from the rear surface to the bottoms of 
said trenches and, thereby, 

the semiconductor layer is divided into a plu- 
rality of pieces and a flexible region is fornied in the 
semiconductor layer so that the respective pieces 
of the semiconductor layer are integrated by means 
of the insulating layer. " 

The method according to Claim 9, wherein a con- 
ductive layer is filled in into the trenches together 
with the insulating layer so that the insulating layer 
is made to adhere to the sides of the semiconductor 
layer and, at the same time, the conductive layer is 
made to adhere to the insulating layer and, thereby, 
rigid regions integrated by means of feedthrough 
electrodes extending from the top surface to the 
rear surface of the semiconductor layer are addi- 
tionally formed in the semiconductor layer in Step 
(c). 



11. The method according to Claim 10, wherein the 
conductive layer is filled in into the trenches by 
means of selective growth of a high melting point 
metal. 
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12. The method according to any of Claims 9 to 11, 55 
wherein the substrate having a semiconductor layer 
on the surface in Step (a) is an SOI substrate and 
said substrate is made to recede according to a lift- 
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